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Description 

Background of the Invention 

This invention relates to systems for synchro- 
nizing the supply of gas by a respirator with spon- 
taneous respiration. More specifically, this invention 
relates to a method and apparatus for controlling a 
respirator in order to synchronize the supply of gas 
by the respirator with the respiration of a person in 
response to a signal indicating the respiration cycle 
of the person. 

A variety of persons such as sick patients and 
Infants benefit from mechanically assisted respira- 
tion. In hospitals, respirators are commonly used to 
assist such persons to breathe. Conventional 
neonatal respirators deliver gasses under pressure 
in a closed chamber (e.g. the respirator chamber) 
to babies. Since conventional neonatal respirators 
are not synchronized with patient respiration, these 
respirators not infrequently supply gas to Infants 
when the infants are trying to exhale so that the 
infants are actually breathing against the pressured 
gas from the respirator. This Increases the pres- 
sure In the lung and may damage lung tissues. The 
increase in pressure in the lung may hinder the 
flow of blood from the brain to the lung, thereby 
increasing the risk of Intracranial hemorrhage. 

Because of the above described disadvantages 
of conventional neonatal reespirators, improved de- 
signs have been proposed. In one improved de- 
sign, the change in gas pressure in the chamber Is 
monitored in order to detect spontaneous respira- 
tion of the baby. A valve for ventilating the cham- 
ber to the atmosphere is then closed or opened in 
response to detection of inspiration and exhalation 
by the baby. These neonatal respirators, however, 
are disadvantageous since they are relatively in- 
sensitive to the spontaneous respiration of infants 
due to a number of factors. The respirator chamber 
under pressure is relatively large compared to the 
amount of gas inhaled or exhaled by infants which 
is usually in the range of five to twenty cubic 
centimeters. Therefore the inspiration and exhala- 
tion of infants will only cause a slight change in 
pressure of the chamber; such small changes may 
not be detected by conventional neonatal respira- 
tors. 

Premature infants frequently experience peri- 
odic lapses of respiration known as apnea. Since 
the improved neonatal respirators described above 
respond to changes in pressure, such respirators 
simply cease to function during apnea. Because of 
^this and other disadvantages described above, it is 
desirable to provide ventilation synchronizers which 
are more sensitive to spontaneous respiration 
where the amount of gas inhaled or exhaled is 
small and which can assist premature infants dur- 



ing apnea. 

US-A-4269195 discloses, according to one as- 
pect, an apparatus comprising means for generat- 
ing an impedance signal and an inspiration control 

5 signal, the impedance signal being indicative of the 
electrical impedance between two selected points 
on a newborn baby patient's chest; and the inspira- 
tion control signal being obtained from the imped- 
ance signal to indicate spontaneous patient inspira- 

10 tion 

The apparatus disclosed in US-A-4269195 is 
suitable for controlling a respirator so that gas is 
supplied by the respirator to the baby at desired 
times to aid breathing and the supply of gas is 

75 triggered by the respirator upon detection of spon- 
taneous inspiration. 

The apparatus disclosed in US-A-4 269 195 
comprises: means for generating a signal indicative 
of the baby's respiration, wherein the signal in- 

20 creases or decreases substantially continuously in 
amplitude during inspiration cycles and changes In 
amplitude during exhalation cycles in a direction 
opposite to that during the inspiration cycles. 

25 Summary of the invention 

The invention provides a respirator in combina- 
tion with an apparatus for controlling the respirator, 
as claimed in claim 1 and as claimed in claim 12. 

30 A preferred embodiment of the invention is 

based on the observation that when a person 
breathes, the electrical impedance between two 
selected points on the person's chest will change 
so that the spontaneous respiration of the person 

35 can be detected from such electrical impedance. 
Thus an inspiration control signal may be derived 
from such electrical impedance by triggering the 
supply of gas by a respirator. 

The apparatus forming the preferred embodi- 

40 ment of this invention is for controlling a respirator 
so that gas is supplied by the respirator to a 
patient at desired times to aid patient breathing. 
The apparatus comprises means for generating an 
impedance signal indicating the electrical imped- 

45 ance between two selected points on the patient's 
chest. The apparatus further comprises inspiration 
detecting means for deriving an inspiration control 
signal from the impedance signal to indicate spon- 
taneous patient inspiration and for triggering the 

50 supply of gas by the respirator upon detection of 
spontaneous patient inspiration. 

Another aspect of the preferred embodiment of 
the invention is based on the observation that when 
a person breathes, the breathing includes an in- 

55 spiration cycle during which the person inhales 
continuously and an exhilation cycle during which 
the person exhales continuously, and that if a sig- 
nal is generated whose level rises or falls substan- 
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tially continuously during the inspiration cycle and 
changes in level during the exhilation cycle in the 
direction opposite to that during the inspiration 
cycle, the changies in signal level can be detected 
to detect the Inspiration and exhilation of the per- 
son. Based on such aspect, an apparatus is de- 
signed for controlling a respirator to supply gas to 
a patient whose respiration includes inspiration and 
exhilation cycles. The apparatus comprises means 
for generating a signal indicative of patient respira- 
tion. The signal increases or decreases substan- 
tially continuously in amplitude during the inspira- 
tion cycle and changes in amplitude during the 
exhilation cycle in the direction opposite to that of 
the inspiration cycle. The apparatus further com- 
prises means for detecting the change in signal 
level which corresponds to the inspiration cycle to 
generate an inspiration control signal for triggering 
the supply of gas by the respirator upon detection 
of spontaneous patient inspiration. 

In the preferred embodiment, the inspiration 
control signal causes the respirator to supply gas 
to the patient for a first predetermined time period 
and so that no gas will be supplied for a second 
predetermined time period either immediately after 
the tirst time period or upon detection of sponta- 
neous exhalation by the patient. The preferred em- 
bodiment also includes means responsive to the 
impedance signal for detecting apnea and means 
for periodically triggering the supply of gas by the 
respirator to the patient upon detection of apnea. If 
so desired, the triggering and turning off of the 
respirator need not be synchronized with the detec- 
tion of the onset of inspiration and exhalation; in- 
stead, the triggering and turning off of the respira- 
tor may be accomplished at selected times after 
the initiation of inspiration and exhalation. The trig- 
gering and turning off of the respirator can also be 
accomplished in a manner so that the effects of a 
wandering baseline are minimized. Such wandering 
baseline may be caused by physical movements 
by the infant which in turn causes the electrical 
impedance between two points on the infant's 
chest to change. 

Brief Description of the Drawings 

Rg. 1 is a block diagram of a respiration sys- 
tem connected to a patient for assisting patient 
respiration using a ventilation synchronizer to illus- 
trate the preferred embodiment of the invention. 

Fig. 2 is a block diagram of the ventilation 
synchronizer to illustrate the preferred embodiment 
of the invention. 

Rg. 3 is a schematic circuit diagram of the 
synchronizer of Rg. 2 to illustrate the preferred 
embodiment of the invention. 



Rgs. 4-8 are timing diagrams to illustrate the 
functions of the ventilation synchronizer of Rgs. 2 
and 3. 

6 Detailed Description of the Preferred Embodiment 
of the Invention 

Rg. 1 is a block diagram of a respiration sys- 
tem connected to a patient for assisting patient 

10 respiration using a ventilation synchronizer to illus- 
trate the invention. As shown in Rg. 1, patient 10 is 
aided by a respirator 12 to breathe. As is fre- 
quentiy done in hospitals, the impedance pneumo- 
gram of patient 10 is monitored by a monitor 14. 

16 According to the teachings of this invention, a 
ventilation synchronizer 16 is used to take advan- 
tage of the readily accessible impedance pneumo- 
gram to synchronize the time cycles of the respira- 
tor 12 with the breathing cycles of patient 10. 

20 Impedance pneumograms are obtained by con- 
necting wires from monitor 14 to selected points 
20. 22 on the patient's chest in order to monitor the 
electrical impedance between points 20, 22. During 
the respiration cycle of tiie patient, the patient's 

25 chest expands during inspiration, thereby increas- 
ing the distance between points 20, 22 and in- 
creasing the electrical impedance sensed by moni- 
tor 14. When ttie patient exhales, the distance 
between points 20. 22 decreases and so does the 

30 electrical impedance sensed by monitor 14. Ven- 
tilation synchronizer 16 makes use of the informa- 
tion available from tiie electrical impedance be- 
tween points 20. 22 in the impedance pneumogram 
to synchronize the respirator with the patient's 

35 breathing. 

Rg. 2 is a block diagram of the ventilation 
synchronizer 16 of Rg. 1 to illustrate the preferred 
embodiment of the invention. Rg. 3 is a schematic 
diagram illustrating in more detail the preferred 

40 embodiment of the invention. As shown in Rg. 2, 
the impedance signal from monitor 14 is processed 
by synchronizer 16 to detect spontaneous patient 
inspiration in order to generate an inspiration con- 
trol signal at output 50 of the synchronizer 16. The 

45 inspiration control signal is then applied to respira- 
tor 12 for controlling the supply of gas to patient 
10. 

The spontaneous inspiration by the patient is 
indicated by the rising edge of the impedance 

50 signal from monitor 14. The rising edge of the 
impedance signal is detected by circuit compo- 
nents 52-60 of Rg. 2. In the discussion that follows, 
reference will be made to the relevant blocks in 
Rg. 2 and the corresponding components in the 

55 schematic circuit diagram of synchronizer 16 in 
Rg. 3. In reference to Rgs. 2 and 3, the impedance 
signal is fed to two inverting amplifiers A1 , A2. The 
output of inverting amplifier A1 is supplied to peak 
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detector 54. The output of peak detector 54 and 
inverting amplifier A2 are applied to a voltage com- 
parator 56. The comparator output is then applied 
to inspiratory timer 58 which generates the inspira- 
tion control signal. The inspiration control signal is 
then fed to buffer 60 whose output at 50 is used to 
drive a exhalation solenoid in respirator 12 (not 
shown in Rg. 1). The exhalation solenoid in respira- 
tor 1 2 controls the opening or closing of a valve of 
the respirator chamber to control the supply of gas 
to patient 10. 

Rgs. 4-8 are timing diagrams to illustrate the 
functions of the ventilation synchronizer 16 of Rgs. 
2 and 3. The detection of the rising edge of an 
impedance signal from monitor 14 will now be 
described in reference to the above-mentioned 
blocks in Rg. 2, the schematic illustration in Rg. 3 
and timing diagrams Rgs. 4 and 5. In reference to 
Rgs. 2 and 3, the impedance signal is inverted by 
amplifiers A1, A2. For reasons discussed below, 
amplifier A2 also adds a DC offset. The inverted 
and amplified impedance signal from amplifier A2 
is then applied to peak detector 54. 

In reference to Rg. 4, the input signal is essen- 
tially in the shape of a sine curve. Below the input 
curve are shown the outputs of components A1-A5. 
Thus, as shown in Rg. 4, amplifier A2 adds a DC 
offset voltage of 2 volts to the inverted waveform of 
the impedance signal. At time tO, the patient is in 
the middle of an inspiration cycle. The inspiration 
cycle ends when the impedance signal reaches the 
peak whereupon the expiration cycle begins. The 
exhalation cycle ends at time t2. At time t1 , peak 
detector 54 is switched on after a reset period 
described below and follows the output of amplifier 
A1 to 6 volts. From time t1 to t2, no peak is 
detected by detector 54 so that the output of the 
detector simply follows the output of amplifier A1. 
At time t2, however, a peak is detected by detector 
54 so that even though the output of amplifier A1 
decreases, the output of A4 remains at the peak 
voltage of 8 volts. The outputs of detector 54 and 
amplifier A2 are applied to comparator 56. At time 
t3. comparator 56 detects that both inputs are at 8 
volts. Upon such detection, the output of A5 drops 
from 15 volts to -15 volts at time t3. The output of 
comparator 56 is clipped and inverted by transistor 
Q1. The output of Q1 is converted into sharp 
negative pulses by transistor Q8 of Rg. 3 and 
applied to monostable multivibrator A6 in timer 58. 
Timer 58 includes a monostable multivibrator A6 
which is triggered by negative going pulses. Upon 
being triggered, timer 58 generates an output 
which is constant for a set time period to turn on 
the respirator 12 for such time period. 

It will be observed that one advantage in the 
arrangement of amplifiers A1, A2. detector 54, 
comparator 56 of Rgs. 2 and 3 is that the trigger- 



ing of the supply of gas from respirator 12 can be 
synchronized with any selected point during the 
spontaneous inspiration of the patient. Thus, from 
Rg. 4, where the offset applied by amplifier A2 is a 

5 positive DC offset, the effect is to shift the trigger 
point (i.e. when gas starts to flow from the respira- 
tor to the patient) to a later time after the initiation 
of spontaneous inspiration. As shown in Rg. 4, 
spontaneous inspiration is initiated at time t2, but 

10 the trigger point of the respirator is at t3, which is 
approximately half way in the spontaneous inspira- 
tion cycle. 

In some situations, it may be desirable to shift 
the trigger point of the respirator to a later time 

16 after the initiation of spontaneous inspiration. For 
example, the patient may be breathing harder at a 
later point in the inspiration cycle; if that is the 
case, it is desirable to aid inspiration just at about 
the time when the patient is beginning to breathe 

20 harder. Conversely, the trigger point of the respira- 
tor can be shifted close to or at the initiation of 
spontaneous inspiration. Thus, if no DC offset is 
applied by amplifier A2. the trigger point of the 
respirator will be at time t2. or at the onset of 

25 spontaneous inspiration. Thus, by adjusting the DC 
offset level in amplifier A2, the trigger point of the 
respirator can be synchronized with with a selected 
point on the rising edge of the impedance signal, 
or in other words, at a selected point in the sponta- 

30 neous inspiration cycle. 

The arrangement of Rgs. 2, 3 is also advanta- 
geous since it substantially reduces the chances of 
triggering the supply of gas to the patient by spur- 
ious arifacts. Cardiac artifacts G-^- heartbeat) may 

35 cause some small oscillating changes in the elec- 
trical impedance across the points 20, 22 in Rg. 1 , 
and such oscillations appear in the input signal to 
synchronizer 16 as shown in the top of Rg. 6. By 
choosing an appropriate offset voltage at amplifier 

40 A2, the trigger point is moved away from the low- 
est dip point in the input impedance waveform (e.g. 
at time t2) so that these small oscillating changes 
at or near such dip points will not cause the res- 
pirator to be triggered. 

45 Another advantage of the arrangement in Rgs. 

2 and 3 is that a wandering baseline for the imped- 
ance signal and artifacts does not significantly af- 
fect the ventilation synchronizer 16. The movement 
of the patient, particularly infants, may cause a DC 

50 shift in the impedance signal again as shown in the 
top of Rg. 6, where the baseline of the impedance 
input signal deviates from 0 volts. Thus, if the 
amplitude of the impedance signal from monitor 14 
is used for synchronizing the respirator, such wan- 

55 dering baseline caused by artifacts such as the 
cardiac artifact will introduce errors in the synchro- 
nization. In the arrangement in Rgs. 2 and 3. this 
problem is avoided by using peak detectors to 
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minimize the effects of DC shifts on the synchro- 
nizations. 

The width of the pulse at the output of timer 58 
is preset in order to set the Inspiration time; In 
other words, the Inspiration time period during 
which the respirator supplies gas to the patient is 
preset in timer 58. In reference to Rg. 3, this may 
be set by means of moving the arrow In the 350 
kilo ohms potentiometer 62 near the monostable 
multivibrator A6 to the appropriate point. N/Vhen the 
timer 58 times out, a minimum exhalation timer 
with buffer 72 Is triggered through gate 74. Timer 
72 is preset to time out after a second predeter- 
mined time period. When timer 72 Is counting and 
before it times out, timer 72 Inhibits the inspiratory 
timer 58 to prevent respirator 12 from supplying 
gas to the patient during the second predetermined 
time period, referred to below as the minimum 
exhalation time period. In other words, within such 
minimum exhalation time period, respirator 12 is 
prevented from supplying gas to patient 10 ir- 
respective of the signal conditions of the imped- 
ance signal. This feature allows the patient to ex- 
hale without having to overcome gas pressure sup- 
plied by the respirator. This feature also prevents 
inadvertent positive and expiratory pressure when 
the patient attempts to inhale without exhaling after 
taking in an intial breath. Taking In repeated 
breaths without exhaling is undesirable since pres- 
sure wll build up cumulatively In the lung. 

Synchronizer 16 may be operated In two dif- 
ferent modes. In one mode, input 74a to gate 74 is 
always high so that the falling edge of the output of 
timer 58 would trigger timer 72 as shown in Rg. 5. 
As shown in Rg. 3, this is accomplished by an 
inverter, a waveshaping filter and transistor Q9, 
which generates a negative going pulse in re- 
sponse to the falling edge of the output of A6. 
Such negative going pulse triggers monostable 
multivibrator A7. The minimum exhalation time pe- 
riod can again be set by moving the arrow in the 
200 kilo ohms potentiometer 64. 

When the synchronizer 16 is operated in the 
other mode, the state of the input 74a to gate 74 
would depend on an exhalation control signal de- 
rived from the falling edge of the impedance edge 
as described below. Upon the detection of the 
falling edge of the output of multivibrator A6 at 
multivibrator A7, peak detector 54 is reset by 
means of the output of transistor Q4. Thus, in 
reference to Rgs. 3 and 5, at time t4, the output of 
transistor Q4 goes low. which resets multivibrator 
A6 and peak detector 54, (and peak detector 134 
as well as described below) by closing switch 76 
(Rg. 3) in peak detector 54 by means of driver Q5 
and relay coil XI. By closing switch 76, the output 
of non-inverting amplifier A4 drops to 0 volts as 
shown in Rg. 4. When the exhalation timer 72 



times out at time tl' In reference to Rg. 5. the 
output of transistor Q4 rises to 5 volts. This opens 
the switch 76 so that the output of non-inverting 
amplifier A4 rises to the voltage level of the output 
5 of amplifier A1 as described above. Thus, time t1 
marks the end of the reset time period. At this 
point, synchronizer 16 is ready to detect a selected 
point on the rising edge of the next spontaneous 
inspiration time period to repeat the above opera- 
te tion. 

Premature infants frequently experience lapses 
of spontaneous respiration known as apnea. Syn- 
chronizer 16 detects apnea conditions and causes 
respirator 12 to supply gas to patient 10 periodi- 
75 cally at a predetermined frequency for a set time 
period in order to help the patient to again initiate 
spontaneous respiration. Such feature of the Inven- 
tion is illustrated with respect to the apnea timer 
82, the backup breath timer 84, trigger pulse gen- 
20 erator 86, gates 102-106, buffer 108, the inspiration 
control circuitry discussed above and Rg. 6. As 
shown in the top of Rg. 6, the impedance signal 
indicates an apnea condition of the patient. Apnea 
timer 82 is triggered by the falling edge of the 
25 output of multivibrator A6. As shown in Rg. 6, at 
the falling edge of multivibrator A6, the output at 
the collector of Q3 rises (see Rg. 3). This charges 
capacitor 112. If spontaneous patient respiration 
continues so that there is another output pulse from 
HQ multivibrator A6, this will cause transistor Q3 to 
conduct, thereby discharging capacitor 112. How- 
ever, during apnea, multivibrator A6 will provide no 
output, so that the output voltage of Q3 (which also 
appears across capacitor 112) continues to rise as 
35 shown in Rg. 6. When the output voltage of Q3 
rises to a predetermined value set with the aid of 
potentiometers 66 at the positive input of compara- 
tor A8, this causes a sharp negative pulse at the 
output of comparator A8 as shown in Rg. 6. In one 
40 implementation illustrated In Rg. 6, the values of 
the potentiometers are set so that the output of 
comparator A8 will provide its sharp negative pulse 
if no output is detected from multivibrator A6 for 8 
seconds. Obviously other values may be chosen to 
46 for the time Interval. This sharp negative pulse from 
comparator A8 will trigger the backup timer A9. 

In the configuration of Rg. 3 and Rg. 6, timer 
A9 is set for about 5 seconds. Upon receiving a 
negative pulse from comparator A8, the output of 
50 timer A9 goes high. This output is inverted by 
inverter A14 and disables the AND-gate 104 
(A12B), thereby causing the AND-gate output to go 
low at all times. The output of timer A9 causes 
AND-gate 102 (A12A) to pass the pulses generated 
55 by pulse generator A10. Such pulses are passed 
by OR-gate A13, inverted by transistor Q8 to trig- 
ger multivibrator A6 in inspiratory timer 58. In such 
manner, the generation of the inspiration control 
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signal in multivibrator A6 is controlled by pulses 
from pulse generator AID for the time period set by 
backup breath timer 84 (A9). In other words, if no 
spontaneous inspiration is detected for a set time 
period (e.g. 8 seconds), artificially generated in- 
spiration control signals are generated with the aid 
of pulse generator AID to cause inspirator 12 to 
supply gas to the patient periodically to help 
reinitiate patient spontaneous inspiration. Inverter 
A14. gates 102-106 (gates A12A, A12B, A13) assist 
in turning over control of the inspiratory timer 58 to 
the pulse generator A1 0 instead of blocks 52-56 of 
Fig. 2. When a backup breath time penod in timer 
84 (A9) times out, the output of A9 goes low. 
thereby forcing the output of gate 102 (A12A) to go 
low, and enabling the output of comparator 56 to 
again be in control of timer 58, thereby causing 
timer 58 to be controlled by blocks 52-56 instead 
of the apnea circuitry 82-86 of Rg. 2. 

In the mode of operation of synchronizer 16 
described above, upon the expiration of the inspira- 
tion time set in timer 58, the supply of gas by 
respirator 12 to patient 10 is prevented for a mini- 
mum exhalation time period set in timer 72. As 
described above, this is accomplished by inhibiting 
timer 58. Such minimum exhalation time period is 
important since it prevents the respirator from sup- 
plying gas to the patient when the patient is exhal- 
ing and also prevents inadvertent positive and ex- 
piratory pressure. If gas is supplied while the pa- 
tient is exhaling, this will increase pressure in the 
air sacs in the lungs of the patient. For weak adults 
and infants, such abnormal increase in pressure in 
the lungs may damage the lung tissues. The In- 
crease in lung pressure may also prevent blood 
flow from blood vessels in the brain towards the 
lung in weak patients and infants. Such increase in 
blood pressure in the brain may cause intracranial 
hemorrhage. Therefore It is crucial to prevent the 
respirator 12 from supplying gas to the patient 
while the patient is exhaling. For some patients, 
this is accomplished by preventing the supply of 
gas after the inspiratory time period determined by 
timer 58 for a predetermined set minimum exhala- 
tion time period which starts immediately after the 
inspiration time period. For other patients, it may 
be desirable to detect the exhalation by the patient 
and prevent respirator 12 from supplying gas only 
after the patient exhalation has been detected. In 
such event, it is desirable to detect patient exhala- 
tion. This is accomplished by means of blocks 132- 
140 in cooperation with the remaining circuitry of 
Rg. 2. 

If the minimum exhalation time period is to 
. begin immediately after the inspiration time period 
set by timer 58, switch 140 is switched to one 
position causing input 74a to gate 74 to be always 
high so that gate 74 simply passes through the 



output of timer 58 to timer 72 to accomplish the 
various functions during such mode described 
above. However, if the minimum exhalation time 
period is not to begin until exhalation is detected, 

5 switch 140 is switched to the other position so that 
input 74a of gate 74 is controlled by blocks 132- 
138. The functions of blocks 132-138 will be de- 
scribed in connection with their schematic imple- 
mentation in Rg. 3 and the timing diagrams Rg. 7 

10 and 8. Amplifiers A16, A17 are non-inverting am- 
plifiers where amplifier A17 adds a DC offset. The 
output of amplifier A16 is applied to peak detector 
134. In reference to Fig. 7, at time til, the output 
of peak detector A19 simply follows the output of 

15 amplifier A16 until the output of A16 reaches its 
peak. Such peak marks the onset of patient exhala- 
tion. In reference to Rg. 3, the output of peak 
detector A19 drops to 0 volts as a result of the 
closing of switch 76' as controlled by the exhala- 

20 tion timer 72 in a manner analogous to the closing 
of switch 76 in peak detector 54 described above. 
At the end of the minimum exhalation time period 
at time t13, switch 76' is opened, so that the output 
of peak detector A19 follows the output of amplifier 

25 A16 to 6 volts. Immediately after time t13, the 
output of amplifier A16 decreases so that the peak 
detector output remains at its previously high level 
of 6 volts. When the output of amplifier A16 rises to 
above 6 volts at time t14, peak detector output 

30 again follows it to the peak and the cycle repeats 
itself. Comparator A20 compares the output of 
peak detector A19 and amplifier A17. 

It will be noted that amplifier A17 adds essen- 
tially no offset so that the output of comparator A20 

35 is a sharp positive pulse corresponding to the 
initiation of the exhalation time period by the pa- 
tient. After clipping and inverting by multivibrator 
A21 and transistor Q7, the output of A20 is applied 
to the input of 74a in the form of negative going 

40 pulses essentially synchronous with the initiation of 
the exhalation time period by the patient. In such 
manner, the exhalation timer 72 is triggered at the 
point of detection of the onset of patient exhalation. 
Since gate 74 also responds to the output of timer 

45 58, timer 72 will be triggered only after a high 
output from timer 58 has been detected, indicating 
that there has been spontaneous patient inspiration. 

In this second mode of operation of synchro- 
nizer 16, it will be noted that, at least during the 

50 time period needed for detecting the initiation of 
patient exhalation, the respirator 12 will still be 
supplying gas to the patient, so that at least for 
such time period, the patient will be exhaling 
against gas pressure from the respirator. For this 

55 reason it is desirable to minimize the time period 
during which this occurs. This may be accom- 
plished by choosing an essentially 0 DC offset in 
amplifier A17 as illustrated in Rgs. 7 and 8. In such 



6 



11 



EP 0 324 275 B1 



12 



manner, the triggering of the minimum exhalation 
time period begins almost instantaneously upon the 
ending of the inspiration time period of timer 58. 

In the above discussion, the control of the 
respirator is accomplished by means of infprmation 5 
derived from a signal indicating the changes in 
impedance across two selective points across the 
patienfs chest. Other parameters may be used 
instead of the impedance between these two points 
to indicate the Inspiration and exhalation by the io 
patient. It will be understood that signals measuring 
other patient parameters other than the impedance 
between such points may also be used and are 
within the scope of this invention as long as the 
signal increases or decreases in levels substantially 76 
continuously during the inspiration cycle and 
changes level during the exhalation cycle in the 
direction opposite that during the inspiration cycle. 
Signals that indicate a variety of patient parameters 
fit the above criteria. Thus, electromyogram 20 
(electrical signals indicating the movement of the 
patient's diaphragm), ultra-sound signals indicating 
diaphragm movement in patients, pace maker sig- 
nals, signals from a pneumatic transducer placed 
on top of the abdomen of the patient or electrical 25 
signals indicating chest muscle contractions may 
all be used to indicate the inspiration and exhala- 
tion cycles of the patient. When such signals are 
fed to ventilation synchronizer 16 of this applica- 
tion, synchronizer 16 will function in exactly the 30 
same manner as described above for controlling 
respirator 12 supplying gas to the patient. \/Vhere 
such signals have opposite polarity to the imped- 
ance signal illustrated in the figures of this applica- 
tion (i.e. where signal level decreases during the 35 
inspiration cycle and increases during the exhala- 
tion cycle), the circuitry of synchronizer 16 needs 
to be modified only slightly to accommodate such 
signals. For example, inverting amplifiers A1, A2 
may be replaced by non-inverting amplifiers and 40 
non-inverting amplifiers A16, A17 replaced by in- 
verting amplifiers. Such modification may also be 
made in the event that the impedance signal has a 
polarity opposite to that illustrated in the figures (in 
other words, the impedance signal decreases in 45 
amplitude during the inspiration cycle and in- 
creases in amplitude during the exhalation cycle). 
All such different variations and arrangements are 
within the scope of the invention. 

The above described details of the invention so 
pertain to the preferred embodiment. It will be 
obvious that other implementations may also be 
used that are within the scope of the invention. For 
example, other circuitry for detecting the rising and 
falling edges of the impedance signal may be used ss 
to indicate selected points in the inspiration and 
exhalation time period. If it is desirable to trigger 
the beginning of the minimum exhalation time pe- 



riod at a certain time after the onset of exhalation, 
this may be accomplished by selecting the appro- 
priate DC offset voltage for amplifier A17 in a 
manner similar to that for triggering at a selected 
point during the inspiration time cycle. Other de- 
tails of implementation and methods may also be 
within the scope of the appended claims. 

Claims 

1. A respirator (12) for a newborn baby, in com- 
bination with an apparatus (16) for controlling 
the respirator (12) so that gas is supplied by 
the respirator (12) to the baby at desired times 
to aid the baby's breathing, said apparatus (16) 
comprising: 

means (14) for generating an impedance 
signal indicative of the electrical impedance 
between two selected points (20, 22) on the 
newborn baby's chest; and 

inspiration detecting means (52-60) for de- 
riving an inspiration control signal from the 
impedance signal to indicate spontaneous in- 
spiration of or by the baby and for triggering 
the supply of gas by the respirator (12) upon 
detection of spontaneous inspiration. 

2. The combination as claimed in claim 1, 
wherein the inspiration detecting means (52- 
60) is adapted to trigger the supply of gas by 
the respirator (12) upon detection of sponta- 
neous patient inspiration cycles, wherein the 
inspiration control signal controls the respirator 
(12) to supply gas for a first predetermined 
time period, and means (A1, A2, 54, 56) is 
adapted and arranged for synchronizing the 
beginning of said time period with a selected 
point (t3) in a said spontaneous patient inspira- 
tion cycle. 

3. The combination as claimed in claim 2, 
wherein means (72) is responsive to the in- 
spiration control signal to control the respirator 
(12) so that no gas will be supplied for a 
second predetermined time period after the 
expiration of the first time period to permit the 
patient to exhale during the second time period 
without being affected by the respirator (12). 

4. The combination as claimed in claim 1, 
wherein said deriving means comprises: 

means (A1, A2) for inverting the imped- 
ance signal; 

means (A2) for adding to the inverted im- 
pedance signal a selected DC offset to obtain 
a sum signal; 

a peak detector (54) for detecting the 
peaks of the inverted impedance signal; and 
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means for comparing the peak detector 
(54) output with the sum signal for generating 
the inspiration control signal, wherein the DC 
offset determines the point on the rising edge 
of the impedance signal at which the triggering 5 
of the respirator (12) is synchronized. 

The combination as claimed in claim 1, 
wherein said deriving means comprises: 

means (A2. 58) for adding to the imped- io 
ance signal a selected DC offset to obtain a 
sum signal; 

a peak detector (54) for detecting the 
peaks of the impedance signal; and 

means for comparing the peak detector is 
(54) output with the sum signal for detecting 
the rising edge and for generating the inspira- 
tion control signal. 

The combination as claimed in claim 5, 20 
wherein said deriving means further comprises 
an inspiration timer (58) responsive to the 
comparing means output signal for generating 
the inspiration control signal to control the res- 
pirator (12) for supplying gas for the first time 25 
period. 

The combination as claimed in claim 6, 
wherein said deriving means further comprises 
an exhalation timer (72) responsive to the in- 30 
spiration control signal for preventing the res- 
pirator (12) from supplying gas to the patient 
for the second time period to permit exhala- 
tion. 

35 

The combination as claimed in claim 1, said 
apparatus (16) further comprising exhalation 
detecting means (72/54. A2) for generating an 
exhalation control signal from the impedance 
signal to indicate the baby's exhalation. 40 
wherein the inspiration and exhalation control 
signals control the respirator (12) so that no 
gas will be supplied by the respirator (12) for a 
second predetermined time period upon detec- 
tion of exhalation by the detecting means, 45 
wherein said exhalation detecting means fur- 
ther comprises an exhalation timer (72), said 
apparatus (16) further comprising a gating 
means (74) responsive to the inspiration and 
exhalation control signals for controlling the so 
exhalation timer (72) to prevent the respirator 
(12) from supplying gas to the patient for the 
second time period only when the inspiration 
control signal indicates the presence of sponta- 
neous inspiration and the exhalation control 55 
signal indicates the presence of spontaneous 
exhalation. 



9. The combination as claimed in claim 8. 
wherein said exhalation detecting means com- 
prises: 

means (A2, 52) for adding to the imped- 
ance signal a selected DC offset to obtain a 
sum signal; 

a peak detector (54) for detecting the 
peaks of the impedance signal; and 

means for comparing the peak detector 
(54) output with the sum signal for generating 
the exhalation control signal, wherein the DC 
offset determines the point on the falling edge 
of the impedance signal at which gas supplied 
by the respirator (12) is shut off. 

10. The combination as claimed in claim 1, further 
comprising: 

means responsive to the inspiration control 
signal for detecting the failure of spontaneous 
respiration by the patient and for generating a 
backup respiration signal; and 

means responsive to the backup respira- 
tion signal for periodically triggering the supply 
of gas by the respirator (12) to the patient. 

11. The combination as claimed in claim 10, fur- 
ther comprising a gating means for selecting 
between the inspiration control signal and the 
backup respiration signal to control the trigger- 
ing of the respirator (12), wherein when failure 
of spontaneous respiration is detected, the gat- 
ing means causes the periodically triggering 
means to trigger the periodic supply of gas by 
the respirator (12) for a predetermined time 
interval after such detection, and causes said 
inspiration control signal to resume control of 
the triggering of the respirator (12) after the 
expiration of said time interval. 

12. A respirator (12) for a patient, in combination 
with an apparatus (16) for controlling the res- 
pirator (12) so that gas is supplied by the 
respirator (12) to the patient at desired times to 
aid the patient's respiration, which includes 
inspiration and exhalation cycles, said appara- 
tus (16) comprising: 

means for generating a signal indicative of 
patient respiration, wherein the signal in- 
creases or decreases substantially continuous- 
ly in amplitude during the inspiration cycle and 
changes in amplitude during the exhalation cy- 
cles in a direction opposite to that during the 
inspiration cycle; and 

means for detecting the change in signal 
amplitude which corresponds to tiie inspiration 
cycle to generate an inspiration control signal 
to indicate spontaneous patient inspiration and 
for triggering the supply of gas by the respira- 
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tor (12) upon detection of spontaneous patient 
inspiration. 

13- The combination as claimed in claim 1, 
wherein said inspiration detecting means (52- 
60) derives said inspiration control signal in 
such manner that the inspiration control signal 
is substantially unaffected by DC shifts in the 
impedance signal, thereby reducing the effects 
of a wandering baseline on synchronization of 
the triggering of the supply of gas upon detec- 
tion of spontaneous inspiration. 

14. The combination as claimed in claim 13, 
wherein said inspiration detecting means (52- 
60) includes a peak detector (54) for deriving 
said inspiration control signal. 

PatentansprUche 

1. Beatmungsgerat (12) fOr ein neugeborenes 
Baby, In Kombination mit einem Apparat (16), 
durch den das Beatmungsgerat (12) so ge- 
steuert wird, daB dem Baby durch das Beat- 
mungsgerat (12) zu gewUnschten Zeiten Gas 
zugefOhrt wird, um die Atmung des Babys zu 
unterstUtzen. wobei der Apparat (16) aufweist: 

- Mittel (14), um ein Impedanzsignal zu 
erzeugen, das dar elektrischen Impedanz 
zwischen zwei ausgewShlten Punkten 
(20, 22) auf der Brust des neugeborenen 
Babys entspricht; und 

- Einatmungs-Nachweismittel (52-60), um 
ein Einatmungs-Steuersignal von dem 
Impedanzsignal abzuleiten, das die spon- 
tane Einatmung des Babys Oder durch 
das Baby anzeigt, und um bei Nachweis 
einer spontanen Einatmung die Gaszu- 
fuhrung durch das Beatmungsgerat (12) 
auszulQsen. 

2. Kombination gemafi Anspruch 1, wobei die 
Einatmungs-Nachweismittel (52-60) so ausge- 
legt sind, dai3 die GaszufUhrung durch das 
Beatmungsgerat (12) bei Nachweis von spon- 
tanen Patienten-Einatmungszyklen ausgelost 
wird. wobei das Einatmungs-Steuersignal das 
Beatmungsgerat (12) so steuert, dafl Gas wah- 
rend einer ersten. vorgegebenen Zeitperiode 
zugefUhrt wird, und Mittel (A1, A2. 54. 56) so 
ausgelegt und angeordnet sind, dafi der An- 
fang dieser Zeitperiode mit einem ausgewahl- 
ten Zeitpunkt (t3) dieses spontanen Patienten- 
Einatmungszyklus synchronisiert wird. 

3. Kombination gemMB Anspruch 2. wobei die 
Mittel (72) auf das Einatmungs-Steuersignal 
ansprechen. um das Beatmungsgerat (12) so 



zu steuern, dai3 wShrend einer zweiten, vorge- 
gebenen Zeitperiode nach Ablauf der ersten 
Zeitperiode kein Gas zugefOhrt wird, damit der 
Patient wShrend der zweiten Zeitperiode ausat- 
5 men kann. ohne durch das Beatmungsgerat 

(12) behindert zu werden. 

4. Kombination gemSB Anspruch 1, wobei diese 
Ableitungsmittel aufweisen: 

,0 - Mittel (A1. A2), um das Impedanzsignal 

umzukehren; 

- Mittel (A2) zum Addieren einer ausge- 
wShlten Offset-GS zu dem umgekehrten 
Impedanzsignal, um ein Summensignal 

76 zu erhalten; 

- einen Spitzendetektor (54), um die Spit- 
zen des umgekehrten Impedanzsignals 
nachzuweisen; und 

- Mittel zum Vergleichen des Ausgangssi- 
20 gnals des Spitzendetektors (54) mit dem 

Summensignal, um das Einatmungs- 
Steuersignal zu erzeugen, wobei die 
Offset-GS den Punkt auf der ansteigen- 
den Flanke des Impedanzsignals be- 
25 stimmt. bei dem die AuslSsung des Be- 

atmungsgerats (12) synchronisiert wird. 

5. Kombination gemafl Anspruch 1, wobei diese 
Ableitungsmittel aufweisen: 

30 - Mittel (A2, 58) zum Addieren einer aus- 

gewahlten Offset-GS zu dem Impedanz- 
signal, um ein Summensignal zu erhal- 
ten; 

- einen Spitzendetektor (54). um die Spit- 
35 zen des Impedanzsignals nachzuweisen; 

und 

- Mittel zum Vergleichen des Ausgagssi- 
gnals des Spitzendetektors (54) mit dem 
Summensignal, um die ansteigende Flan- 

40 ke nachzuweisen, und um das 

Einatmungs-Steuersignal zu erzeugen. 

6. Kombination gemSB Anspruch 5, wobei diese 
Ableitungsmittel au0erdem einen auf das Aus- 

45 gangssignal der Vergleichsmittel ansprechen- 

den Einatmungs-Zeitgeber (58) aufweisen, um 
das Einatmungs-Steuersignal zu erzeugen. das 
das Beatmungs-Steuergerat (12) fOr die Gas- 
zufUhrung wahrend der ersten Zeitperiode 

50 steuert. 

7. Kombination gemafl Anspruch 6, wobei diese 
Ableitungsmittel auflerdem einen auf das 
Einatmungs-Steuersignal ansprechenden 

56 Ausatmungs-Zeitgeber (72) aufweisen, um zu 

verhindern. dafl das Beatmungsgerat (12) dem 
Patienten wahrend der zweiten Zeitperiode 
Gas zufOhrt. damit die Ausatmung ermoglicht 
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wird. 

8. Kombination gemaB Anspruch 1. wobei der 
Apparat (16) auBerdem Ausatmungs-Nachweis- 
mittel (72/54, A2) aufweist, urn aus dem Impe- 
danzsignal ein Ausatmungs-Steuersignal zu er- 
zeugen, das die Ausatmung des Babys an- 
zeigt, wobei das Einatmungs- und das 
Ausatmungs-Steuersignal das BeatmungsgerSt 
(12) so steuern, da^ wahrend einer zweiten. 
vorgegebenen Zeitperlode Icein Gas durch des 
Beatmungsgerat (12) zugefUhrt wird, wenn von 
den Ausatmungs-Nachweismitteln eine Ausat- 
mung nachgewiesen wird. wobei diese 
Ausatmungs-Nachweismittet auiSerdem einen 
Ausetmungs-Zeitgeber (72) aufweisen, und der 
Apparat (16) au0erdem ein auf das 
Einatmungs- und Ausatmungs-Steuersignal an- 
sprechendes Gatingmittel (74) aufweist, um 
den Ausatmungs-Zeitgeber (72) so zu steuern. 
dai3 nur dann. wenn. das Einatmungs-Steuersi- 
gnal spontane Einatmung. und das 
Ausatmungs-Steuersignal spontane Ausatmung 
anzeigt, verhindert wird, da/3 das Beatmungs- 
gerat (12) wahrend der zweiten Zeitperiode 
dem Patlenten Gas zufOhrt. 

9- Kombination gemSB Anspruch 8. wobei diese 
Ausatmungs-Nachweismittel aufweisen: 

- Mittel (A2. 58) zum Addieren einer aus- 
gewahlten Offset-GS zu dem Impedanz- 
signal, um ein Summensignal zu erhal- 
ten; 

- einen Spitzendetektor (54), um die Spit- 
zen des Impedanzsignals nachzuweisen; 
und 

- Mittel zum Vergleichen des Ausgangssi- 
gnals des Spitzendetektors (54) mit dem 
Summensignal, um das Ausatmungs- 
Steuersignal zu erzeugen, wobei die 
Offset-GS den Punkt auf der abfallenden 
Flanke des Impedanzsignals bestimmt. 
bei dem die GaszufUhrung durch das 
BeatmungsgerSit (12) beendet wird. 

10. Kombination gemaB Anspruch 1, die weiterhin 
aufweist: 

- auf das Einatmungs-Steuersignai anspre- 
chende Mittel, um den Ausfall der spon- 
tanen Atmung des Patienten nachzuwei- 
sen, und um ein Sicherheits-Atmungssi- 
gnal zu erzeugen; und 

- auf das Sicherheits-Atmungssignal an- 
sprechende Mittel, um die GaszufUhrung 
zu dem Patienten durch das Beatmungs- 
gerat (12) perlodisch auszul5sen. 



11. Kombination gemSfl Anspruch 10, die weiterhin 
ein Gatingmittel aufweist, um zwischen dem 
Einatmungs-Steuersignai und dem Sicherheits- 
Atmungssignal als Steuersignal fUr die Auslo- 

5 sung des Beatmungsgerats (12) zu wahlen, 

wobei dann, wenn der Ausfall der spontanen 
Atmung nachgewiesen wird, das Gatingmittel 
die periodisch auslSsenden Mittel veranlaBt, 
die periodische GaszufUhrung durch das Beat- 

10 mungsgerat (12) wahrend einer vorgegebenen 

Zeitdauer nach einem solchen Nachweis aus- 
zulosen, und das Gatingmittel aufierdem das 
Einatmungs-Steuersignai veranlafit, die Steue- 
rung der Ausl5sung des Beatmungsgerats (12) 

75 nach dem Ablauf dieser Zeitdauer wieder zu 

Ubernehmen. 

12. BeatmungsgerSt (12) fUr einen Patienten, in 
Kombination mit einem Apparat (16), um das 

20 Beatmungsgerat (12) so zu steuern, dafl durch 

das Beatmungsgerat (12) dem Patienten zu 
gewUnschten Zeiten Gas zugefUhrt wird, um 
die Atmung des Patienten, die Einatmungs- 
und Ausatmungszyklen umfafit, zu unterstUt- 
25 zen, wobei dieser Apparat (16) aufweist: 

- Mittel, um ein Signal zu erzeugen, das 
die Atmung des Patienten anzeigt, wobei 
die Amplitude dieses Signals wShrend 
des Einatmungszyklus im wesentlichen 
30 kontinuierlich zunimmt Oder abnimmt. 

und wahrend des Ausatmungszyklus sich 
in der bezUglich des Einatmungszyklus 
entgegengesetzten Richtung verMndert; 
und 

35 - Mittel zum Nachweisen der dem Einat- 

mungszyklus entsprechenden Xnderung 
der Signalampiitude, um eine 
Einatmungs-Steuersignai zu erzeugen, 
das die spontane Einatmung des Patien- 

40 ten anzeigt, und um die GaszufUhrung 

durch das Beatmungsgerat (12) beim 
Nachweis einer spontanen Einatmung 
des Patienten auszul5sen. 

45 13. Kombination gemafi Anspruch 1. wobei die 
Einatmungs-Nachweismittel (52-60) dieses 
Einatmungs-Steuersignai auf eine solche Wei- 
se ableiten, 6aQ das Einatmungs-Steuersignai 
von GS-Verschiebungen des Impedanzsignals 

so im wesentlichen nicht beeinfluflt wird, wodurch 

die Wirkungen einer wandernden Grundlinie 
auf die Synchronisation der Auslosung der 
GaszufUhrung beim Nachweis einer spontanen 
Einatmung vermindert werden. 

65 

14. Kombination gemMfi Anspruch 13, wobei die 
Einatmungs-Nachweismittel (52-60) einen Spit- 
zendetektor (54) umfassen, um dieses 
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Einatmungs-Steuersignal abzuleiten. 
Revendlcatlons 

1. Un respirateur (12) pour un nouveau-n6, en 
combinaison avec un appareil (16) destin6 & 
r6gler le respirateur (12) de sorte que du gaz 
est fourni par le respirateur (12) au b6b6 en 
des moments voulus pour assister la respira- 
tion du b6b6, ledit appareil (16) comprenant: 

un moyen (14) pour engendrer un signal 
d'imp^dance indicateur de rimp6dance 6lectri- 
que entre deux points sSlectionn^s (20, 22) sur 
la poitrine du nouveau-n^; et 

un moyen de detection de I'inspiration (52- 
60) pour dSriver un signal de controle de I'ins- 
piration du signal d'imp^dance en vue de si- 
gnaler rinspiration spontanSe du b^b^ ou par 
le b6b6 et pour d^clencher I'alimentation en 
gaz par le respirateur (12) tors de la detection 
de rinspiration spontan^e. 

2. La combinaison selon la revendication 1, dans 
laquelle le moyen de detection de I'inspiration 
(52-60) sert 2i d6clencher I'alimentation en gaz 
par le respirateur (12) lors de la detection des 
cycles d'inspiration spontan6e du patient, dans 
laquelle le signal de controle de I'inspiration 
regie le respirateur (12) en vue de I'alimenta- 
tion en gaz pendant une premi&re p6riode de 
temps pr6d6termin6e, un moyen (A1, A2. 54. 
56) etant destin6 et agenc6 en vue de synch- 
roniser le d^but de ladite p^riode de temps 
avec un point s6!ectionn6 (t3) dans ledit cycle 
d'inspiration spontan^e du patient. 

3. La combinaison selon la revendication 2, dans 
laquelle un moyen (72) r^agit au signal de 
controle de rinspiration en vue du r^glage du 
respirateur (12), de sorte k couper I'alimenta- 
tion en gaz pendant une deuxi&me p^riode de 
temps pr6d6termin§e apr6s I'^coulement de la 
premiere pdriode de temps, pour permettre au 
patient d'expirer au cours de la deuxifeme pS- 
riode de temps, sans §tre gen^ par le respira- 
teur (12). 

4. La combinaison selon la revendication 1, dans 
laquelle ledit moyen de derivation comprend: 

un moyen (A1 , A2) pour inverser le signal 
d'imp6dance; 

un moyen (A2) pour ajouter au signal d'im- 
pedance Inverse un dScalage de courant conti- 
nu s6lectionn6 pour obtenir un signal de som- 
me; 

un d6tecteur de cretes (54) pour dStecter 
les cretes du signal d'imp^dance invers^; et 
un moyen pour comparer le signal de sor- 



tie du d6tecteur de cr§tes (54) avec le signal 
de somme pour engendrer le signal de contr6- 
le de I'inspiration. le dScalage de courant 
continu determinant le point sur le flanc mon- 
6 tant du signal d'imp6dance au niveau duquel le 

d6clenchement du respirateur (12) est synch- 
ronise. 

5. La combinaison selon la revendication 1, dans 
10 laquelle ledit moyen de derivation comprend: 

un moyen (A2, 58) pour ajouter au signal 
d'impedance un decalage de courant continu 
seiectionne pour obtenir un signal de somme; 

un detecteur de cr§tes (54) pour detecter 
75 les cretes du signal d'impedeuice; et 

un moyen pour comparer le signal de sor- 
tie du detecteur de cretes (54) avec le signal 
de somme. pour detector le flanc montant et 
pour engendrer le signal de controle de I'inspi- 
20 ration. 

6. La combinaison selon la revendication 5, dans 
laquelle ledit moyen de derivation comprend 
en outre un rythmeur de I'inspiration (58) rea- 

25 gissant au signal de sortie du moyen de com- 

paraison pour engendrer le signal de controle 
de rinspiration. pour regler I'alimentation en 
gaz du respirateur (12) pendant la premi&re 
periode de temps. 

30 

7. La combinaison selon la revendication 6. dans 
laquelle ledit moyen de derivation comprend 
en outre un rythmeur de I'expiration (72) rea- 
gissant au signal de controle de I'inspiration. 

35 en vue d'emp§cher le respirateur (12) de four- 

nir du gaz au patient pendant la deuxi&me 
periode de temps et de permettre I'expiration. 

8. La combinaison selon la revendication 1, ledit 
40 appareil (16) comprenant en outre un moyen 

de detection de rexpiration (72/54, A2) pour 
engendrer un signal de contrdle de I'expiration 
St partir du signal d'impedance, pour signaler 
I'expiration du bebe. dans laquelle les signaux 

45 de contrdle de I'inspiration et de I'expiration 

reglent le respirateur (12) de sorte h emp§cher 
I'alimentation en gaz par le respirateur (12) 
pendant une deuxi&me periode de temps pre- 
determinee. lors de la detection de rexpiration 

50 par le moyen de detection, ledit moyen de 

detection de I'expiration comprenant en outre 
un rythmeur de I'expiration (72), ledit appareil 
(16) comprenant en outre un moyen de selec- 
tion (74) reagissant aux signaux de contrdle de 

55 I'inspiration et de I'expiration, en vue du regla- 

ge du rythmeur de I'expiration (72) pour empe- 
cher I'alimentation en gaz par le respirateur 
(12) au patient pendant la deuxi^me periode 
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de temps, uniquement si le signal de contr5le 
de {'inspiration signale la presence d'une inspi- 
ration spontan^e et si le signal de contrdle de 
Texpiration signale la presence d'une expira- 
tion spontan^e. 

9. La combinaison selon la revendication 8, dans 
laqueile ledit moyen de detection de Texpira- 
tion comprend: 

un moyen (A2, 52) pour ajouter au signal 
d'impSdance un dScalage de courant continu 
s4lectionn^ pour obtenir un signal de somme; 

un d6tecteur de cretes (54) pour detector 
les cretes du signal dMmp^dance; et 

un moyen pour comparer le signal de sor- 
tie du dStecteur de cretes (54) avec le signal 
de somme. en vue d'engendrer le signal de 
contrdle de I'expiration. le dScalage de courant 
continu determinant le point sur le flanc des- 
cendant du signal d'impSdance au niveau du- 
quel le gaz fourni par le respirateur (12) est 
coup^. 

10. La combinaison selon la revendication 1, com- 
prenant en outre: 

un moyen r^agissant au signal de contrdle 
de rinspiration pour d6tecter {'absence d'une 
respiration spontan^e du patient et pour en- 
gendrer un signal de respiration de reserve; et 

un moyen rSagissant au signal de respira- 
tion de reserve pour dSciencher p^riodique- 
ment I'alimentation en gaz par le respirateur 
(12) au patient. 

11. La combinaison selon la revendication 10, 
comprenant en outre un moyen de selection 
pour faire une selection entre le signal de 
contrdle de rinspiration et le signal de respira- 
tion de reserve pour r6g\er le dSclenchement 
du respirateur (1 2), dans laqueile, en cas de la 
detection d'une absence de respiration sponta- 
n^e, le moyen de selection entratne le moyen 
de d^clenchement pSriodique k dSclencher 
{'alimentation p6riodique en gaz par le respira- 
teur (12) pendant un intervalle de temps pre- 
determine apr&s une telle detection, et entrat- 
ne ledit signal de contrdle de {'inspiration k 
reprendre le reglage du dedenchement du 
respirateur (12) apr^s recoulement du dit inter- 
valle de temps. 

12. Un respirateur (12) pour un patient, en combi- 
naison avec un appareil (16) servant au regla- 
ge du respirateur (12), de sorte que le gaz est 
fourni par le respirateur (12) au patient en des 
moments voulus pour assister la respiration du 
patient, englobant des cycles d'inspiration et 
d'expiration, ledit appareil (16) comprenant: 



un moyen pour engendrer un signal indi- 
cateur de la respiration du patient, le signal 
presentant un accroissement ou une diminu- 
tion d'amplitude pratiquement continus au 

5 cours du cycle d'inspiration et un changement 

d'amplitude au cours des cycles d'expiration 
dans une direction opposee k celle du cycle 
d'inspiration; et 

un moyen pour detector \e cfiangement 

10 d'amplitude du signal correspondant au cycle 

d'inspiration pour engendrer un signal de 
contrdle de {'inspiration destine k signaler rins- 
piration spontanee du patient et h declencher 
I'alimentation en gaz par le respirateur (12) lors 

75 de la detection de {'inspiration spontanee du 

patient. 

13. La combinaison selon la revendication 1. dans 
laqueile ledit moyen de detection de I'inspira- 

20 tion (52-60) derive ledit signal de contrdie de 

rinspiration de faQon que le signal de contrdle 
de {'inspiration n'est pratiquement pas affecte 
par des decalages de courant continu du si- 
gnal d'impedance, reduisant ainsi las effets 

25 d'une ligne de base volante sur la synchronisa- 

tion du dedenchement de Talimentation en gaz 
lors de la detection de inspiration spontanee. 

14. La combinaison selon la revendication 13. 
30 dans laqueile ledit moyen de detection de 

inspiration (52-60) englobe un detecteur de 
cretes (54) pour deriver ledit signal de contrdle 
de rinspiration, 
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